
' --- ~TRAN4

AD___AD

A Literature Review - Problem Definition Studies on Selected Toxic Chemicals

Volute 6 of 8

OCCUPATIONAL HEALTH AND SAFETY AND ENVIRCWIME1TAL
ASPECTS OF UREA-FOIRALDEHYDE RESIPS

Final Report - April, 1978

Shu-hsi Hsia., Ph.D.

Pr?.netipal.nzssao

Jon E. Villaume, Ph.D.

A-- iv d b•

Frederick J. Goldstein, Ph.D.

Supaorted ky

-U.5. Army Medical Pesearch and Development Coznand
Fort Detrick. Frederick, kgryland 21701 D D r

Contract No. D.¶•--17-77-C-7020 3: W J 1918

First Lt- Carl D. Rowlett, Medical Services Corps
Environmental Protection Research Division

LL- -i~U.S. Army Medical Bioengineering Research and Development Laboratory
S -- Fort Detrick, Frederick, Maryland 21701

Approved for Public Release; Distribution Unlimited

The firdings in this report are not to be construed as an official Department
of the Arry position unless so designated by ether authorized docu=ents.

SCIENCE INFORMATION SERVICES DEP.A EN-T-.
-E UUThE F KUN LNST•• RESFARCH LABiJO •S

THE SEJAMI FRA"K4LIN PARKFWAY - PHMUADEIPHIA. •iEMNYLVA."A 19103



11nd assif jed
SECURITY CLASSIFICATION4 OF TH!S PAGE (Nhtvx D-:& Enter-d)

REPOT DMMETATON AGEREAD JNSThUCMNOSIi 1 REPRT RPORTDOCUENTAlO~4PAGEBEFORE COMPLETLNG FORMA
1REOTNUMBER jZ.GOVT ACCESSION NO. PraS TAOGSE

. ie ture vieu-Problen DC-rinition- -00dCOVEon

- T ected -Toxic Cýhei a s fllme6ý1ý are I77 - Apr*l 178 .3
OCCUPATIOUAL HALTH -N,§AFEY-NDN-1O-QErA

-ASPECTS OF UREA- FO1}MMDEHYDE .RESINS

7. AISTIOR~s)Princi In: igator (15 -CfA~R~BR

~~- ~~~~ jn E/Vi11a-uz-e Ph.D. LD-17-c02

- - -AND ADDRESS 2 0-. PROGRAM ELEeE,4T. PROJECT. TASK~

Science Inform~ation Services Deoartment ARA AkWR UNIT NUMBERS

The Franklin Institute Research Laboratories 6?0
Thie Benjamin Frankl-in ?ar-kuay-Phila-, Pa. 19103 / 'E76272XA835 00.030

T. L'312f "O ~hMevelopnent Co=axid,~1 REPORT O "Tf Ul
Fort Detrick, Frederick, Maryland 21701 (i Anr]M 1978 1

14. ONITRIN AGE ADRESSf d~rm a~ c~fr~io Offce)IS-. SECURITY CLASS-. (of tf, rwe..)i

Unclassified

W. /, IS... VE-LASSI FICATIOW.O0V.%GRAOII4G
SCHEDULE

I& DISTRIBUTION STATEMENT (of W&b RepcrI)

Approved for public release; Distribution unlimited

21. SUJPPLEME-1TARY NOTES

M3. KEY UDR:)S (G*V rnw;= -0 1f=! X= ec.acm 1e=-' *1' ap7fk

Analysis Carcinogenicity Engineering controls
AAnimal toxicitv Chenical degradation Environm-ental fate
Acuatic organisms Chen-ical properties Formaldehvde
Bioaccu~ailation Dispersion IHuman toxicity
Biological degradation7. Domestic aninals Industrial hygiene

STACT (Ce=:!=.* rrw. jj:! 21 ~c.acea A~ f=I £'* Ir 6mock o.~mc

i.eProblem Definition Study provides a literature review (88 refferences)
on occupational health hazards and environmemtal in.acts of urea-f or-aldehyde
resins. This study covers the physical and Chemical properties, to-xicity
in hunans and ardnals, effects on microorganiszs, plan~tsand soil organ-
isms, pharmacokinetics, fate in the environment, industrial safety standards
and practices and sa~p1ing and analysis of urea-form~lde!Wde resins. En-
vironnental iuipacts are discussed and reco-neniations for further studies C"

DD 1473 EO-iTVn 0F 2 NOV SS1 I~S E3S.TC

9jSECtIMTY CXMWFICATrZON OF ThiS PACE (.sD.E~,C



Unclassified
SECU~nrY CLASSIFICATIO4 OF TMI.S PAGE("'-,,*J D*A. En...edj

19. MEY WORDS (Cont'd)

, icroorganisms Plants Standards
Ifutagenicity Resins Teratogenicity
Occurrence Safety practices TLV

v Persistence Sanpling Toxicity
Phar=acokinetics Soil organisms Transport
NP-tsical properties Urea-formaldehvde

20. ABST"RALACT (Cont'd)

Sare provided. Urea-formldehyde resins are miiztures of condensation ?roducts

of urea and fortmldelhvde with indefinite composition, and structure depending
on the degree of polymerization- The highly polymerized resins are inert
solids which are very stable under amb-ient conditions and are not readily
degraded in the envirow-ment. The low molecular weight condensation products
are viscous liquids or powdery solids which decompose easily, releas-ing free
formaldehyde that is highly irritating to eyes, skin and mucous membranes of
humans and ani=als.. They can be used as antibacterial products. ?I1 !ore
urea :han form-aldehvde is present in the low molecular weight codd tion
products, they can be applied as fertilizers which are slowly detaded
soil microflora to release soluble nitrogen for growing plants.- No reports
on the effects of urea-formaldehyde resins on carcinogenesis, Mta2genesis or
teratogenesis were found in the literature, nor were reports on their effects
on wildlife or aquatic organisms available. Although these rf- ins are non-
flfl=able, they do decompose under pyrolysis giving off toxic gas.'s such as
hydrogen cyanide, carbon monoxide, a=onia and carbon dioxide. '_-.-re are
no TLV or OSHA standAards set for urea-formaldehyde resins in the uorkroom
environ-ent. Industrial safety practices involve the prevention of hazards
caused by the release of formaldehyde. Special sampling and analytical
method- are discussed.

IIT .- ----. - .

VIT

"Unclassified
SEuftilY CLA=FICA-sION OF THIS PAGEPS~i." Dias v-^&



4

EXECUTIVE SU•)-RY

The literature review (88 references) discusses the occupational health
and safety of urea-formaldehyde resins.

Urea-formaldehyde resins are thermosetting plastics used extensively in
adhesive, molding, laminating, coating, insulation, textile and paper treat-
ment. These resins are a mixture of condensation products of urea and for-
naldehvde. The co=csition and structure of these products depend on: a)
conditions of the reaction, b) degree of polymerization, and c) molar ratio
of the two components. The foam form of the resin is prepared by the inter-

--action of urea and formaldehyde in the presence of a catalyst and a surfactant.

Low molecular weight products exist either as a water-soluble viscous
liquid or a white powdery solid- These are converted by heat or acid into high
polymeric forzs which are water-insoluble anmorphous solids. These two groups
of resins will be discussed separately.

The high poLyn-erlic forms ot the resins are colorless, transparent, odor-
less and tasteless solids, insoluble in cold water, cold dilute acids or
alkalis. They are not affected by co-on organic solvents, oil or grease,
but are deco-posed in boiling trater or in hot strong acids or alkalis. No
studies on their effects on birds, aquatic organisms or wildlife are found
in the literature. When the resins are ingested by animals, they are ex-
creted in the feces without being metabolized. Since they are very stable
under ambient conditions, accumulation in the environmeent is expected-

The low molecular weight condensation products, on the other hand, have
quite different properties and effects. They are soluble in water and alcohol
and deco=-ose easily with the release of formaldehyde, which is the main cause
of toxic effects.

Formaldehyde is highly irritating to eyes, skin, and mucous =-embrane.
It is generated (1) during manufacture of the resins because it is one of the
coponents, (2) during processing of the resins when heat is applied, such
as molding, laminating, etc., (3) from resin products which contain incompletely
reacted formaldehyde, and (4) from finished products which are not co-pletely
polymerized and decompose slowly to release formaldehyde.

Toxicity studies on urea-formaldehyde resins have focused upon the
effects of formaldehyde which is generated as discussed above. Fye irritation
was reported among factory workers and store c-lployees where resin-treated
fabrics were sold. Dermatoses developed anong persons who cam-e into direct
contact with the resins, such as workers engaged in processing the resins

-' and individuals wearing clothing made from resin-treated fabrics, which con-
tain insufficiently polymerized resin.

5



The low molecular weight condensation products exert different effects
on microorganisms depending on the proportion of urea and formaldehyde in
the product. When the quantity of urea is less than that of formaldehyde,
the product has antibacterial acti'.i-v and has been used clinically to treat
certain skin infections. When more urea is present than formaldehyde, the
resulting product can be degraded by soil microorganism into soluble nitrogen
co=nounds so that the product can be used as fertilizers.

In the enviroument the highly polymerized resins are stable to degrada-
tion under ordinary use-related conditions. Although they are non-flaz-able,
they do decompose by incineration to release toxic geses svich as hydrogen
cyanide, carbon monoxide and ammonia. mee law molecular weight condensation
products are easily degraded chemically in hot water, dilute acid or alkaline
solutions, and biologically by soil microflora.

No reports on carcinogenicity, mutagenicity, or teratogenicity of urea-
fornaldehyde resins were found in the literature. Neither are there any
studies on the effects on aquatic organisms, birds, or wildlife.

There are no industrial threshold 1Limit values for urea-formaldehyde
resins. Safety practices involve mainly the prevention of hazards produced
by formaldehyde, such as enclosed --perations, adequate ventilation, cool room
temperature, protective clothing and creems, personal h..ygiene, medical check-up,
and education of iorkers.

Special methods for sampling and analysi-- of these cesims are discussed.

Their impact on the environment is assessed an-d reco•--endations for
further studies are provided.

r25



r ABSTRACT

I, The Problem Definition Study provides a literature review (88 references)
on occupational health hazards and environmental impacts of urea-formaldehyde
"resins. This study covers the physical and chemical properties, toxicity
in humans and animals, effects on microorganisms, plants, and soil organisms,
pharmacokinetics, fate in the environment, industrial safety standards and
practices and sampling and analysis of urea-formaldehyde resins. Environ-
mental impacts are discussed and recomm-endations for further studies are
provided. Urea-frmaldehyde resins are mixtures of condensation products
of urea and formaldehyde with indefinite composition, and structure depending
on the degree of polymerization. The highly polymerized resins are inert

: solids which are very stable under amient conditions and are not readily

"degraded in the envirornment- The low molecular weight condensation products
are viscous liquids or powdery solids which decompose easily, releasing free
fortaldehyde is highly irritating to eyes, skin and mucous membranes of
humans and animals. They can be used as antibacterial products. If more
urea than for=maldehyde is present in the low molecular weight condensation
products, they can be applied as fertilizers which are slowly degraded by
soil microflora to release soluble nitrogen for growing plants. No reports
on the effects of urea-formaldehyde resins on carcinogenesis, mutagenesis or
teratogenesis were found in the literature, nor were reports on their effects
on wildlife or aquatic organisms available. Although these resins are non-
fla-_able, they do decompose under pyrolysis giving off toxic gases such as
hydrogen cyanide, carbon monoxide, a=.onia and carbon dioxide- There are
no TLV or OSILA standards set for urea-formaldehyde resins in the workroom
environment. Industrial safety practices involve the prevention of hazards
caused by the release of formaldehyde. Special sampling and analytical
methods are discussed.
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FOREWORD

The industrial hygiene and occapational health research program of
the U. S. Army Medical Bioengineering Research and Development Laboratory,

-* Fort Detrick, Frederick, Maryland• as initiated to study Itealth problems and
recommend criteria for occupational em-posure to military-unique chemicals.
This Problem Definition Study (P1S) has been prepared as part of the research
progran under Contract Number DA&M-17-77-C-7020 in order to provide the
published data relating to occupational health and safety aspects and environ-
.ental effects of urea-formaldehyde resins. These resins are mixtures of
condensation products of urea and formaldehyde. Tne subjects covered in
this report include physical and chemical properties, toxicity im humns
and animals, effects on plants, microorganis=s and --cil organisms, pharmaco-
kinetics, fate in the environment, industrial hygiene standards and safetT
practices, sampling and analysis. Fnvironmiental impacts are discussed and
recozoendations for further studies are provided.
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I. I2TRODUCTION AMN STAT1ENT OF PROBLEM

[ The main objective of this study is to provide a literature review and
-,, an evaluation of the health hazards and environmental impacts of urea-

formaldehyde resins.

Urea-formaldehyde resIns are mixtures of condensation products of urea
and formaldehyde; there is no single composition or structure. These
resins are thermosetting plastics widely used in adhesives, surface coatings,
molding of plastic objects, insulation, and textile and paper treatment.
The present study provides a literature review covering physical and chemical
properties, toxicity in humans and aninals, effects on microorganisms and

- plants, pharmacokinetics, fate in the environment, sampling and anwlysis,
industrial health hazards and safety standards. Environmental izmacts will
be discussed and reconmendations for further studies will be given.

4 7
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II. PHYSICAL AND CHEMCAL PROPERTIES

Urea-formaldehyde resins represent a group of condensation products of
Surea and formaldehyde for which there is no definite composition or structure.
N wDepending on the conditions of the reaction (pH, temperature, catalysts, etc.)

and the molar ratio of urea and formaldehyde, the condensation products may
exist as a water-soluble viscous liquid, a hite powder, or a colorless,
transparent, amorphous resin. They belong to the class of thermosetting
plastics because they are heat sensitive and thermofusible. When cured by
heat or acid, condensation products are converted to higher polymeric forms
which are hard, water-.asoluble, nonflamable, heat and electric arc resistant.
Various fillers and derivatives may be introduced into the resin to meet specific
requirements. The physical and chemical properties of these resins will be
discussed in the following section.

A. HISTORY

The reaction of urea and formaldehyde was first investigated by A. H•lzer
(188!) and C. Goldschmidt (1896). During the 1920s, intensive studies were
conducted in Europe to find use for the adhesive properties of the intermediate
products and the inert quality of the cured final products of urea and form-
aldehyde. Applications in molding, laminating, coating, insulating, and textile
and paper treatment were investigated. The first commercial products appeared
around 1930 (1-3). The chemical names, synonyms and trade names of urea-
formaldehyde resins are listed in Table I.

B. PHYSICAL A-D TECINICAL PROPERTIES
The simple condensation products of urea and formaldehyde (the mononers

- and diners) are viscous liquids which are soluble in water and in alcohol.

The intermediate products (polymers of moderate molecular weights) are
amorphous powders soluble in pyridine, aqueous formaldehyde, formic acid, and
dilute mineral acids (with some decomposition).

The cured final products are high molecular ;eight colorless transparent
solids, which are insoluble in cold water and decomposed in boiling water.
They are colorless and tasteless, and are relatively unaffected by cormon
or;anic solvents, oils, greases, cold dilute acids or alkalis (but are decom-
posed by hot acids ar alkalis) (1-4). They do net discolor with time or light,
but are affected by changes in humidity (contraction and expansion) becaussP
the final products contain a small percentage of water. The slow evaporation
of this water with time also causes tiny cracks and slight distortion of the
"final products (1-3).

Various fillers, such as cellulose, wood flour, pigme.i, mineral, asbestos,
glass fibers, etc., are added to the resins to reinforce tneir strength and
improve their quality for molding purposes. Alcohol derivatives, especially
n-butanol, are introduced to improve the solubility of the resins in non-
aqueous solvents when they are used as surface coatings (1-3). The physical

* ;and technical properties of urea-formaldehyde resins are listed in Table II.

.1~ 8
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TABLE I

NM ES OF UREA-FORMULDEHYD RESINS

Chem. Abs. Reg. No: 9011-05 -6 21ecular formula (Cfla2OC4*U

Systematic Name: Urea, Polymer with formaldehyde (Chemical Abstracts 9th C I)

Synonyms: vethylene-N,N'-bis (hydroxymethyl) urea polymer
urea-formaldehyde copolymer
urea-formaldehyde resin
urea-formaldehyde condensate
urea-formaldehyde prec-ndensate
urea--formaldehyde primary condensate
urea-formaldehyde polymer
urea-formaldehyde prepolymer
urea-form-aldehyde oligomer
urea-formaldehyde adduct
para formaldehyde-urea resin
paraformaldehyde-urea polymer
formalin-urea copolymer
for•-•ldehyde copolymer with urea
Uramite - DuPoat, E. I. DeNeurs & Co., Biochem. Dept.
Anaflex - Ed. Geistlish S~hne AG, Wolhusen, Switzerlawd.
Casco UL n - Borden Chem., Div. of Borden Inc.
Piatherm
Pianizol
Noxylin
SPonoxylan - Berk Pharmaceuticals, England
Pol3noxylin
Hygromull - BASF, Germany
-ouldrite A256
K 4I1-02

t-:- .TFPS-1

17KS-72
M-70

9
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C. CMHMISTRY AND ECHAISf OF REACrION

SComercially, these resins are prepared by condensing various proportions
of urea and fornalin (35-402 aqueous solution of formaldehyde) in slightly
alkaline conditions.

The •echanism for the condensation of urea and formaldehyde is very con-
plicated. There are various possible path-ays by which the four replaceable
hydrogen atoms of urea can react with formaldehyde to produce three dimensional
structures. The properties of the final products are deternined by a) the
molar ratio of urea and formaldehyde, b) reaction pH -nd te=zerature, c)
catalyst eiployed, and d) extent of condensation. When one mole of urea
reacts with one or two moles of formaldehyde at "ordinary temperature" in
slightly alkaline solutions (pH 7.5-11), white crystalline monomers are ob-
tained which are soluble in water and m--lt at 11U°C (for monomethylolurea)
and 126°C (for dimethylolurea). The melting points for the monomers are not
sharply defined because they tend to -olynerize at high tenreratures (110U -
165*C) yielding arpbhous substances which melt at 260°C with deco-ositionS - (1,2).

0 0 0

H*N MH 2 + ECHO -> H2%'HCH2 0H H--- HOCH2 1XHCMCH 2 0H

mononethylolurea dimerhylolurea

In acidic solutions, these methylolureas are converzed to insoluble white
granular deposits which are similar to the "Goldschnidt's conpound" with the
forzmla:

o 0 0 0,• ~--H20 ,

HDH2 71C20H1- H2 C=-N CHlQ2OH

Further condensation by elimination of water probably proceeds through the
following steps:

(1) formation of nethylene linkages,
0 0 0 0

-Ca 1.20.1 + H.2NC- -> -CM-d•ZNHC-

(2) formation of methylene ether linkages,
0 0 0 0-H120 I

-4MC20H+ HOC112N.HC- -> -NHCH2 -0-CH2 N.HC-

These intermediate products react with more formaldehyde or methylolureas
to form branched-chain, cross-linked polymers which are insoluble and infusible.
The curing process is accelerated by high temperature and acidic conditions
(1,2 ).

The cured resins do not burn on free flame but crack and char with the
odor of burned fish. Pyrolysis studies sho'•ed carbon diaxide, carbon monoxide
and hydrogen cyanide are the major gaseous products (9-12).

A, I



III. HUM•AN, TOXICITY

In view of the literature available to date the completely cured urea-
formaldehyde resins do not appear to be toxic. However, during the manufacture
of these resins, one of the starting compounds, formaldehyde, is highly ir-
ritating to eyes, mucous memranes and skin. The other starting material,
urea, has not been shown to be toxic (I)- The incompletely cured resins or
the low molecular weight condensation products may contain unreacted formalde-
hyde wbhich could produce tox.ic symptoms. Under inefficient combustion con-
ditio:. these resins release toxic gaseous products, such as carbon monoxide,
hydrogen cyanide and ania, which may be the cause of death of some fire
victi= (9,10)-

Although urea formaldehyde resins are vresent in numerous products utilized
daily, very few cases of unpleasant reactions due to their employment have been

reported in the United States. The primary toxicity of these resins comes from
occupational contact of the starting material (for=aldehyde vapor or the dust

of the low molecular weight condensation products) and the use of products con-
taining incokpletely cured resins which release formaldehyde gradually. -Most
of these incidents were reported outside of the United States. ln the follow-
ing sections the effects o- urea-formaldehyde resins on eye irritation, inhala-
tion and skin contact (dermatoses due to occupational contact and to use of
products) will be discussed. There are no reports on ill effects due to the
ingestion of these resins. Only a brief discussion on the effects of formal-
dehyde will be given below. A detailed toxicological report on formaldehyde
appears in a N-IOSH criteria docu=ent (13).

A. EYE EXPOSURE

In Japan, Tojo and Tsuji reported two cases of lacrimal sensitivity to
* imported synthetic materials (14). A 52-year-old woman and her 19-year-old

daughter experienced excessive lacrization whenever they were in a shop sell-
ing synthetic fabrics. The gaseous material responsible for this effect was
"found to be foraldehyde which was released from fabrics treated with formal-
dehyde resins to improve their wrinkle and shrink resistance and water repel-
lency. The incompletely reacted formaldehyde, and/or that produced from de-
co--osition of the resin, were released gradually froa the treated fabrics,
thus causing extreme lacrimation in exposed individuals. E•mloyees of
fabric stores were constantly affected by these fumes and loss of customers
was reported (15).

B. I•JIMATION

Volkova and Sidorova detected formaldehyde in the blood of lO workers
who were exposed to urea-formaldenyde or melamine-forrmldeahde resins (16).
It was present in the blood 15-70 minutes after work and disappeared in
18 hours. Blood levels of formaldehyde w-ere directly related to that in the
air. It was also detected on the skin and clothing of workers exposed to high
concentrations of formaldehyde in the air.

Fem=ale workers exposed to various concentrations of formaldehyde from
urea-formaldehyde resins vere repcrted to suffer ill erfects (17). Menstrual

13i
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disorders, such as dysmenorrhea, were recorded 2 1/2 tines as often as in the
controls. There were also comlications in the course of pregnancy, such as
toxxeias, anenia, and interruptions at different terms of pregnancy. From
this group of workers, 26.9% of the children were born underweight (from
2500 to 3000 g) as conpared to I!.3Z in controls.

C. SKIM CONTACT

1. OCCUPATIOIAL D .MAIOSES

In 1936, Schwartz reported many cases of dermatitis due to hypersensitivity
to formaldehyde among workers manufacturing urea-formaldehyde resins (18,19).
In two factories surveyed, -here modern machinery and safety appliances with
adequate ventilation and dust prevention facilities were installed, only four
cases of dermatitis were reported among 191) enloyees during a period of over
t.o years. In contrast, 26 cases of dermatitis occurred in the first 10
"months of 1934 among 300 workers in a molding plant in Ohio; 18 of these cases
occurring during the hot suier months. The effect of high anbient tempera-
ture and inadequate ventilation was also apparent when half of the workers
(number not given) employed in a molding plant in Pennsylvania developed derma-
titis in the sumer of 1935.

The Michigan Department of Health of the Bureau of Industrial Hygiene
reported a severe outbreak of dermatitis in 1943 due to exposure to formalde-
hyde resins (including phenol-, urea- and melamine-formaldehyde resins) (20).
-The study involved 4 factories in Western Michigan enloying 2,370 workers,
355 of which developed dernatitis; many severe cases (numbers not given) re-
quired hospitalization. The onset of dermatitis occurred from 3-6 weeks after
initial exposure to the formaldehyde resins and lasted from several days to
a few months. Some individuals may have developed imminity after initial e-x-
posure and did not react to fori-aldehyde on subsequent contact. Should Chest
individuals later lose their imzmunity, a severe case of dermatitis might ensue
(20).

Outside of the United States, most of the occupational der=atosis cases
were reported in the Soviet Union (16,17,21-25) and a few in other countries
(26-29). In a factory produicing veneer, examination of 198 3orkers showed
dermatoses in those who had been working with liquid resins for 1-3 months

(21). Local treatment w-ith an ointment containing zinc (Z not available) and
0.5% prednisolone eliminated the condition in 7-10 days. Frequent washing of
the e•posed skin with 0.5% ammoniun hydroxide solution reduced the incidence
of dermatoses. The quantity of formaldehyde in the resin could also be lowered
to 0.5-1.0% by the addition of amoniun hydroxide to the resin (21).

In Two large furniture plants a high incidence of dermatoses was reported
(22). The greatest effect was produced by a) resins in a pure state, b) for-
malin and c) polyether varnishes. The authors suggested preliminary medicalexaminations of newly engaged werkers using specific tests, and r bnthly ema-

inations during the first 6 months of work. They also suggested that a sec-
tion be included in manuals on the unhealthy conditions in furniture plants
-here urea-fornaldehyde resins were used, in order to instruct the -orkers in
the proper hygienic and safety practices.

1



El-Sayad claimed that the skin sensitizing action of urea-formaldehyde
resins was not due to the high concentrations of free for=aldehyde, but mainly
to the polycondensation products (23). A clinical investigation of the sen-
sitizing effects of pure formaldehyde solution, polymeric condensation pro-
ducts, and monomers on 74 patients who suffered cccupational derzmatosis showed
that phenol-formialdehyde resins had greater skin sensitizing effects than
urea-formaldehyde resins. The author concluded that allergic der-matosis was
caused by the resins and not by free formaldehyde. Presence of the latter
could increase the probability of the occurrence of dermatosis, but formalde-
hyde itself did not produce the allergenic effect.

During a dermatological exanination of 33 w.oen workers exposed to syn-
thetic binders -wile making glass-wool cylinders, 21 cases of pruriginous
skin diseases, 9 cases of eczema and 13 cases of dry s.in and slight erytherma
were reported (24). The synthetic binder consisted of urea-formaldehyde
resins modified with vinyl derivatices and contained 0.52 free formaldehyde.
Sensitization developed after 3-4 months on the job; the condition was en-
hanced by skin injuries caused by the glass-vool.

Other cases of occunational dermatoses have been reported in persons
working with resins for processing noncrushable fabrics (26,27), for coating
anticurl substances (28), and for appying glue on toilet rolls (29).

2. DEMATOSES IN USERS OF UREA-FORAI.DEHYDE PRODUCTS

In addition to the dermatoses caused by occupational contact of urea-
formaldehyde condensation products, there were =any cases of skin irritation
(mostly reported outside of the United States) due to the use of products
that had been treated with urea-formaldehyde resins to i•-rove their qualities,
such as "uet strength" facial tissues, and non-shrinkable fabrics that are
water-repellent and w.rinkle-resistant. The main cause of trouble vas due to
the inco=pletely cured resin rem-aining in fabrics uiich were not thoroughly
washed before being sent to the market. The residual formaldehyde - uld cause
skin irritation and dermatoses in people wearing clothing made from these
treated fabrics. Such cases will be discussed in detail.

Sensitization to %-et strength" facial tissues im-pregnated vith urea-
formaldehyde resins was studied by Peck and Palitz (30). The a=ount of resins
applied to the tissue is usually less than-- 2, but the temperature required
for complete cure of the resins is so hioih that very few paper machines are
equipped to produce co-mletely cured tissue. The formaldehyde from the in-
co-pletely cured resin can produce dermatitis in individuals sensitive to it.
A patch test on 50 people (15 males; 35 females) with "wet strength" tissue
on one arm, and another tissue without any additive on the other arm shoured
that 6Z of the people tested (3 out of 50 - 2 female; I male) had sensitive
reactions to the treated tissues. No reactions vere observed from tissues
that did not contain additives.

Since the introduction of resin-treated textiles in 1926, only a few
cases of contact dermatoses due to the use of these fabrics have been reported
within the United States (31,32,33), although many cases ere reported in

* European countries (15,34,35). An early report -as made in 1940 by Sch;mrtz
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of the United States Public Health Service after an outbreak of dermatitis
among the general population of the United States and Canada caused by wearing

"* clothing made from such created fabrics (31). The odor of formaldehyde was
readily detectaole from these fabrics and its concentration was found to be
8-100 mgIlO( g yarn. The author suggested that manufacturers should perform
skin tests on animals and humans before sending the products to tte market.
In addition, treating these fabrics at higher temperature and pressure to com-
plete the curing process, and thorough washing of the finished product would
also reduce the concentration of free formaldehyde.

SFisher et al. investigated the problem by (1) detecting the presence of
free formaldehyde in textiles, (2) making patch tests on humans with samples
of suspected fabrics, and (3) having subjects wear clothes made from these
fabrics (36). It was found that all samples of textiles treated with formal-
dehyde resins gave posi tive reaction with the qualitatitive chromotropic acid
test (see section on analysis). Control samples of untreated tExtiles sh ed
negative reactions. Patch tests on 20 patients (8 males; 12 females), who
previously gave positive reactions with 2-5% formaldehyde solutions (as patch
-Lests), showed negative results with 8 treated textile samples containing
varying amounts of free formaldehyde. None of these formaldehyde sensitive
individuals developed dermatitis after wearing clothing made from these treated
fabrics. The authors concluded that the quantity of free formaldehyde in the
test materials was not sufficient to elicit a positive patch test in individuals
uho reacted to 2-52 formaldehyde solutions. By applying similar methods of
investigation, a few cases of contact dermatoses due to resin treated fabrics
have been studied (32,33).

Outside of the United States, many cases of contact eczema and dermatitis
caused by the formaldehyde from treated textiles have been reported. In Norway,
a patch test vas conducted on 2,110 patients during 1953-1958, and 137 (6.52
average - 3.56% for males and 9.04% for females) were found sensitive to 4%
aqueous formaldehyde (15). Of these 137 patients with positive reactions,
69 of them (24 males; 45 females) had formaldehyde ecza; the re-aining 68
(27 males and 41 females) shoumed no significant clinical symptoms (15). Since

more wo-men than men reacted to formaldehy!de and to the treated fabrics, the
author suggested that -oen might have been sensitized to the feradehyde
included in antiperspirant preparations uhich men used less extensively than
women. This may also be the reason for the paucity of contact dermatoses
in the United States because formaldehyde is not used in antiperspirants in
this country.

A study conducted in Den=-ark shouwed that during 1952-1960 the incidence
of formaldehyde eczema due t treated fabrics had been rising whereas that
caused by antiperspirants had disappeared (34). In 1960, formaldehyde in
treated fabrics was responsible for 50% of the contact dermatoses in Denmark
because even small amounts of free formaldehyde in t'a fabric can elicit
dermatitis in persons already sensitized by prior utilization of antiperspir-
ants. A si-ple screening test was used on 96 patients (30 male; 66 fe=male);
35 (5 males; 30 females) showed positive reactions with treated textiles (34).
In the Netherlands, a patch test was conducted on 66 patients with 37 sub-
stances (including urea-fornaldehyde condensation products) used in treating
textiles. Only 7 patients reacted positively -o formaldehyde, 'having been
sensitized previously.
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IV. EFFECTS ON L-'ERDE-AL ANIMUS

There are only a few reports in the literature describing animal experiments
on the toxicity of urea-formaldehyde resins. The completely cured resins are
generally considered to be nontoxic (7,37). The adverse effects of the urea-
formaldehyde resins on animals are apparently due to the presence of free for-
maldehyde. It should be kept in mind that the prcducts used for the experiments
discussed in this report vary in their composition and free formaldehyde con-
tent which greatly influences the effects of these resins. A si•ry of these
studies appears in Table III.

A. ORAL INGESTION

- . lThe acute oral toxicity of a condensation product of urea and formaldehyae
(trade name, Anaflex, manufactured by Ed. C-eistlich So-hne AG, Woihusen, Switzer-
land) was determined in guinea pigs (37). The substance was administered in the
form of tablets (inserted down the esophagus) to 6 groups of animals (5 per
group) at single doses of 480-2320 mg-kg of body weight. All animals survived
without any pathological changes during the test itself and the 8-day observa-
tion period.

The subchronic toxicity of the same product was determined using rats
(strain, sex, age and number not given) given daily doses, for 9 weeks, of
1 glkg body weight in the form of a 202 polysorbate solution administered w-ith
a pharyngeal tube. Histological examination of the rats did not reveal ab-
normalities in the intestinal tract, liver or kidneys (37)-

Urea-forcaldehyde resins vere given to albino rats by gavage at 5 g/kg
every other day for 6 days (3 doses). Fifty rats were used to test 5 plastic
materials but the number given urea-for-maldehyde vas not specified. No toxic
effe-ts were observed. There were no changes in -eight gain, in the nervous
system (central or peripheral not specified), or in the blood picture. Addi-
tional details vere not provided (38).

The effects of oral administration of a commercial preparation of urea-
formaldehyde resin, Uramite, as a non-protein nitrogen source in animal feed,
were studied by Anderson et al. (39). Grade Hampshire wether lambs (average
weight 29.2-5 kg, 2 per group) were fed diets containing 22, 4Z, 8Z, 16% or
32Z of Uramite, plus a sufficient percent of urea to equal 1002 supplementary
non-protein nitrogen. The maximum amount of feed -hich vould be consumed com-
pletely by all the lambs was established during an adjustment period (duration
not given). The lambs were then fed the rations at the previously established
levels. The collection period began after all anivals had consistently con-
sumed their entire ration for 10 consecutive days. Daily excreta were col-
lected for 10 days and analyzed for nitrogen output. Results showed that much
of the uitrogeT, in Uranite was excreted in the feces. The replacement of
4-32% of urea by Uramite reduced the digestibility of crude protein (p<0.05),
and 2-4X of Ur-nite reduced the digestibility ef crude fiber (p<0.01). No
toxic effects were observed (39).



B. DERML APPLICATION

WTo types of urea-formaldehyde resins (HF-17, 29% free for aldehyde,
pH 8.3; UKS, 1.2% free formaldehyde, pH 9) (specific formulation not given)
were studied for dermal effects on 10 albino guinea pigs (300-350 g). The

X •resins were applied on the skin by the co=press method on one occasion and
repeatedly by simple application (duration not given). The MF-17 resin caused
erythema, dryness of the skin, desquamation and superficial cracks in 7 out
of 10 animals. Three animals uere found sensitized on the 25th day. The UTKS
resin caused erythena in 3 out of 10 animals on the 4th day; 8 out of 10 aninals
showed skin irritation on the llth day. Tt e two resLns contained different quanti-
ties of free formaldehyde but produced similar degrees of irritation. The author
concluded that the sensitizing effect is not due to free formaldehyde (23).

Lumps of urea-formaldehyde resins were applied to the skin of 4 rabbits,
4 hours a day for 4 days. No cutaneous ehanges were observed. Additional

J / details were not provided (38).

C. I-VALATIOi

'When urea-formaldehyde resin (80-85 g) vas heated at 55-65%, no measurable
quantity of urea was released. Rats (number not given) were exposed to the
volatile components (diluted to 100 liters) 2 hours per day for 12 days.
No toxic effects iere observed (38). The report did not mention .hether free
formaldehyde was released or how the rats were exposed.

The toxicity of the gaseous products released by combustion of urea-
formaldehyde resin was tested with Sprague-Dawley rats (2 controls and 2
treated). The combustion effluent was generated by heating the resin at
UIOOC. The effluent was kept above the de point to prevent condensation
and adjusted to 24*C and 50% humidity with cool dry air before entering the
exposure chamber. Rats exposed to the effluent (duration not given) suffered
eye irritation and "heavy" breathing. Gross symptoms disappeared within a
veek after exposure.

D. E. APPLICATION

1When powdered urea-formaldehyde resin was introduced into the conjunc-
tival sac of 4 rabbits (duration not given), the resin powder caused
transient lacrization but no infla-_ation (38).
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* V. CARCINONICITY, HUTAGENICITY AND TERATOGENICITY

No reports on carcinogenicity, mutagenicity or teratogenicity of

urea-formaldehyde resins were found in the literature.

"VI- EFFECTS ON DOW.ESTIC ANIMALS AND WILDLIFE

- There are no reports in the collected literature concerning the effects

of uxea-formaldehyde resins on domestic anirmls or wildlife. For urea-

formaldehyde metabolism-in la-bs, see Chapter XI.

VII. EFFECTS ON AQUAtiC ORGANIS

No studies on the effects of urea-formaldehyde resins on aquatic

organisms are available.
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VIII. EFFECTS ON MICROORGANISMS

The completely cured urea-formmaldehyde resins in highly polymerized forrs
have no apparent effects on micrborganisrs nor do microorganisms attack the

resins (40). The effects of low nolecular weight condensation products
on microorganisms depend on the molar ratio of urea (U) and formaldehyde (F).
Vnhen the ratio is less than unity (U/F < 1) the excess formaldehyde in the
re•sins exert an antibacterial effect which has been applied clinically to
treat certain skin infections. When the molar ratio is greater than one
(U/F > 1), the cured-resins can be used as fertilizers because soil micro-
organisms can attack and break down these products to provide a nitrogen source
for growing plants (see Biological Degradation). The antibacterial and anti-
fungal effects of urea-formaldehyde resins are as follows.

The bacteriostatic action of the condensation products of urea and
formaldehyde was first reported by Brodhage and Stofer (37). A product pre-
pared by a modified process under the trade name of Anaflex (Ed. Geistlich
S~hne AG, Wolhusen, Svitzeriand) is a colorless powder, insoluble in water,
and decomposes at 200*C. The bacteriostatic action of the pure sub-
"stance was tested on blood-agar plates inoculated with 9 strains of bacteria.
After 16-18 hours of incubation, the diameters of the inhibition zones caused
by 10-25 =g of the substance were: 26-32 = for Stwirzowcoecus maoeus hwmv-

jtic-•s, 30-48 -m for Strreptococcaus y-qogeenes 7.-Mlyticus, 19-29 mm for Stre.vto-
coccus faecaiis, 26-35 rm for Salrnlaz parztup B, 29-40 =m for Sarmonella
typ, L, 15-19 mm for Pseadomro=s aeruwginrosa, 23-35 =m for Proteus vulgaris,
15-20 =m for Escherichiae co•i• and 25-23 =m for Listeria mronocytoceres. The
diameter of the powder spread was 8-10 mn. The authors concluded that Anaflex.
had good bacteriostatic action in vitro against gram-negative and gram-positive
bacteria (37).

Since many strains of Sta=. 1occccus are resistant to antibiotics, the
bacteriostatic effect of this product was tested on six "'distinct" S-qt2-lW_-
coccu strains. The results show that the effect in vito is dependent on

-. the antibiotic resistance of the Stc.a,4o.occus strains individually (data
not given) (37).

Haler showed that Anaflex or polynoxylin, prepared by curing the
water-soluble condensate of urea and formaldehyde at alkaline pH, exhibits

broad-spectrum bacteriostatic properties (41,42)- This is different from
condensation products of urea and formaldehyde cured with acid reagents at
either high or low temperature which do not show any bacteriostatic activity
(41). The tests were carried out by Fleming's disk and ditch methods because
of the low solubility in water of the product. Tests in liquid media were
made with 1 suspensions of the test material

A total of 37 species (580 strains) of bacteria and tungi were tested:

these were 125 strains of St='•-ococcus aues, 59 of St-epttococcus FYogCe-es,
"210 of &scherIchia coli, 82 of Proteuvzdg. ri's, 39 of mPseudom• rs .eri•c sa,
18 of Cad&E& albie•zrs, 24 of Epidezw:ovjton ftoews-,ou and 23 of r-ZcOP•-.ton

spp. All (except 3 strains of Pseudoonas aerz- ilsa and 3 strains of Cdida

aZbicans) were found sensitive to Anaflex, including those strains of Sta vk.o-
coceu•s aureus resistant to penicillin, tetracycline, and other antibiotics-
.o resistance of Staphylooccus rzaius. Stre ptococcuas pyoee or ee d..rnas* iI
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- -aeinuginosa against Anaflex could be induced by repeated sub-culturing up to
160 passages. Water was found essential for the bact'eriostatic activity of
Anaflex. The preseoice of serum, blood or pus in the agar also increased the
inhibition zones of Staphylococcls aureus. Viruses of herpes simple-x, vaccinia
and poliomyelitis, however, were not sensitive to Anaflex (42).

The antibacterial effect of polynoxylin was tested with 170 strains of
Prot-as vulgaris, Poteuas mroraanii, Salmonella typhosa, ".ebsiella pmez-- niae,
Psewuior,"nas aernuginosa, Streptococcus faecatis, Staphylococcus aureus, Str-epto-
coccus pyogene.s, Escherichia coli, Aerobactor aerogenes, and Aerobacter cloacae
on solid media. Standard antibiotics, such as penicillin, streptomycin,
chloramphenicol, tetracycline, erythromycin, neomycin, polymyxin, chlor-
tetracycline, oxytetracycline, novobi'ocin and albomycin, were also tested on
these strains of bacteria for comparison. Polynoxylin was effective against
all strains tested except a strain of Aerobacte•r cloacae. The inhibitory
effect of polynoxylin was most pronounced against St=a1h-yococus mareus, less
against P-oteus vulgarais and Stneptococcus fae-ais, and least against
Escher-chi.a coli and Aerobacter aerogenes but still within the range of ther-'
apeutic doses. Strains of Stap.qylococcus marus resistant to antibiotics
were less inhibited by polynoxylin than those susceptible to antibiotics in
this study, in contrast with previous findings (41)_

The antibacterial and antifungal activities of Anaflex were clinically
tested or. more than 200 human patients representing 238 cases of furunculosis,
ulcus cruris, infected acnte, pressure sores and industrial wounds, gynecologi-
cal discharges, fungal paronychia, athlete's foot, cutaneous hypersensitivity,
axilliary infections, seborrhea capitis, napkin rash and proctological cases.
The product was applied directly to the affected part twice daily and also

-'-- as a ring around the area to minimize secondary spread. Although not all
the patients treated were cured (results not given), more than 80Z of the
furunculosis cases were cured in less than 4 days. If the initial lesions
were treated witbin 48 hours they disappeared in 2 days and classical boils
were avoided. A nasal barrier cream containing Anaflex re.oved the infection
of penicillin-resistant Staphylococcus within 4-5 days. Pelapses to the

carrier state took 7 days or more. A coi-erciai cream containing chlorhexidine
produced a similar effect in 2-3 days, but relapse occurred in 3 days (41)-

Clinical experience from topical application of urea-formaldehyde con-
densation products (Anaflex) for treatment of some skin diseases was also
reported by Tomasini in Italy (43). From a total of 114 cases (74 males;
40 females) tested, the results were satisfactory in general and the products
were found most effective in treating mycotic and pyogenic dermatitis-

Utilization of antibacterial properties of urea-formaldehyde condensa-
tion products to treat raw sewage -.Id industrial organic waste materials in
order to kill pathological microbes and render the waste reusable has been
proposed (44). The process involves prereacting the waste with a water-
soluble low condensation pr,.'uct of urea and formaldehyde at pH 7-9 to
sterilize the waste, then z ,ifying the mixture to pH 3-5 for furtner con-
densation to take place, and finally neutralizing and drying the product which
can then be used as fertilizer or enimal feed.
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Kingston measured the formaldehyde liberated into the vapor phase from
Anaflex and Noxythiolir. (a condensation product of "_hiourea and formaldehyde)
(45). Two small beakers, one containing the dry product (0.1 g), the other,
0.5 ml of distilled water were placed in a jar. The jar was tightly sealed
and incubated at 37%C for various perioas of time. The formaldehyde vapor

Arl released by the dry product was absorbed by the water which was analyzed
colorimetrically by the method of .1ash. From 0.1 g of the dry product, 1-2 mg
of formaldehyde vapor was collected from Noxyrhiolin and only 0.2 mp from
-Anaflex. When the latter was wetted with I ml of water, less formaldehyde was

Sreleased in the vapor phase but 1.5 mg of it was detected in the supernat•ant.
The bacteriostatic activity of Noxythiolin (1 mg) was compared with that of
formaldehyde (0.2 mg) on agar plate tests with 3 organis-ms. The inhibition
zones produced by formaldehyde were comparable in size with those obtained with
Noxythiolin. The author concluded that the free formaldehyde released by Koxv-
thiolin is the cause of the bacteriostatic effects. Formaldehyde slowly re-
leased by Anaflex may be bacteriostatic but tests are inconclusive (45).

Although it was assumed that the mechanism of the antibacterial action
of Anaflex was due to free formaldehyde in the product, Haler found that a
negative reaction with Schiff's aldehyde reagent was obtained w'hen the product
w-s shaken with water ror prolonged periods (42). A water-soluble condensate

F of urea and formaldehyde also gave negative reactions for formaldehyde, but
when tested with Schiff's reagent in excess acid, a strong positive reaction
with precipitates was 3btained. When this modified test was conducted on
-Anaflex and its aqueous filtrate an ixmeaiate positive reaction was obtained
with older stocks, and delayed reaction with fresh stocks. The observation
that the positive aldehyde test -as not due to free formaldehyde was further
confirmed with a rabbit and a human volunteer which were both hvpersensitive
to for-maldehyde- The subcutaneous injection of 0.05Z formalin ,0.2 ml) in
the rabbit produced a marked local reaction within 5 minutes and a severe
generalized reaction after 65 minutes. No local or systemic reactions were
observed when a saturated solution of Anaflex was administered to rabbit
subcutaneously, 0.2 ml daily for 4 days followed by daily injections of 0.3,

- 0.4, and 0.5 ml for 3 days, respectively. These results are questionablh,
however, since only one animal was up d. The human volunteer developed an
edematous reaction after contact witn very dilute formaldehyde but shoue-i
only a very slight degree of irritation whwen Anaflex was applied either dry
and moistened or as a saturated aqueous solution'(42).

Formaldehyde is slowly released by Anaflex. Haler suggest'd that many
free oxvmethylene-substituents occur within the molecule which are responsible
for its strong bacteriostatic activity (41).

The effects of soil microorganisms on the degradation of urea-formaldehyde
condensation products are detailed in Section XII under Biological Degradation.
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IX. EFFECTS ON SOIL ORGAIS.M

The effect of the soil conditioner Hygror!ll, (urea-formaldehyde foam
in resin form which releases small qu-ntities of formaldehyde in the soil)
on plant Parasitic and saprozoic nematodes-was reported by De Grisse et al.
(46) Sieved sandy-loam soil containing nematodes was placed in Plastic
bags (200 Wl/bag). Hygronlull (100 mI/bag) was added to ten bags and the
contents were kept moist and stored at room temperature for 5 weeks. The
number of plant parasitic and saprozoic nematodes in each sample was deter-
mined by washing the soil through a 250 r -- eve in a plastic basin and ex-
tracting the nematodes by the sugar-centrifugal-flotation technique. Two
samples without the addition of Hygromull were processed at the start of the
experiment to obtain the initial nematode population. At weekly intervals
for 5 weeks, two bags with and two without Hygr-3ull were analyzed - Results
show that the population of the plant parasitic nenatodes decreased linearly
with time in the samples containing Hygromull (from initial population of
1430 per 100 ]l soil extract to 90 per 100 ml after 4 weeks of treatment)
and remained at the low level at the end of 5 weeks. Control populations
fluctuated between 1100 and 1560. Tha population of t'.te saprozoic nematodes
decreased during the first two weeks cf treatment and rerched the lowest
count after 3 weeks (280 per i00 ml soil extract, from an initial count of
980), then started to increase again reaching 775/100 ml soil extract after
5 weeks of treatment. Control counts varied from 760 to 1130/100 -1 soil
extract (4o).

Huengens also used Hygromull. mixed with pine litter (containing 0, 33,
"50, 67 or lOOZ Kygron-ull) in azalea cultures to study its effect on soil
fuana (47). Organisms counced were Licbricidae, enchytracidae, and sciaridae-

- After 6 months fewer lumbricids, enchytracids, and sciarids were found in
mixtures c-ntaining 50Z or more Hygromull. The author ccncluded that in
these experiments it could not be proven whether the smaller number cf
organisms counted was the result of the release of formaldehyde b- the urea-
formaldehyde reqin, or the lack of food supply in the Hygromull-rich mixture-
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X. EFFECTS ON PLAINUS

Completely polymerized urea-formaldehyde resins are not toxic in plants
and cannot be broken down to supply nitrogen for plant growth (61). The low
and intermediate molecular weight condensation products have been used as
fertilizers to provide nitrogen at a steady rate for a prolonged period of
time, but are not suitable as a quick fertilizer to supply readily a-.ailable

* .soluble nitrogen. Various plants, such as tomatoes and Sudan grass (48),
corn (49), oats and Eillet (50), pine seedlings (51), azalea (47) and turf-
grass (52,53), have been used to test the effect of low and intermediate
molecular weight condensation products as fertilizers, but no adverse effects
in plants have been reported (see section on Biological Degradation).

The gaseous products from incineration of urea-formaldehyde resins
(formolation not reported) are highly toxic. One-w-eek-old seedlings (summer
squash, alfalfa, =ustard, blue grass, and northern green bean) were killed
in 10 minutes when exposed to the comustion effluent; two-wieek-old plants
were stunted and bleached but not killed. The effluent was produced by heat-

* ing 25 g of urea-fornzaldehyde resin in the hot zone of an incinerator (about
1100%C). Before passing into the exposure chamber, the effluent was kept
above the dew point t.D prevent condensation and adjusted to 24*C and 50Z
humidity with cool dry air. Analysis of the effluent revealed carbon dioxide,
carbon monoxide, methane and large quantities of awonia and hydrogen cyanide
(10, see Chemical Degradation, section XII).
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1

XI. PHARPMA CO.Ih-ETICS

The nitrogen in urea-for=aldehyde resin did not seem to be metabolized

and subsequently made available when used as animal feed for lanbs. Re-

placing increasing quantities of urea nitrogen in the labs' feed by Uranite,

a co~ercial preparation of urea-formaldehyde resin, resulted in increased
•,• non.-protein nitrogen excretion (39)-1 niiThere is no other information available on absorption, distribution,

I and metabolism of urea-formaldehyde resins.
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SXII. OCCURRENCE, DISPERSION AND FATE IN THE EN-VIROX U-T

In this section the occurrence, persistence, transport and dispersion,
chemical and biological degradation and bioaccumulation of urea-formaldehyde
resins in the environment will be discussed.

A. OCCURRENCE

Urea-formaldehyde resins are synthetic products and do not occur in
nature. They are widely used in moldings, bittons, screw caps, electrical
insulators, plugs, sockets, and eating utensils, as adhesives in laminated
boards, chipbrards, and furniture manufacture; as surface coating enamels
for cars, refrigerators, washing machines ard stoves: in co•nstruction work
to solidify loose soil and prevent seepage of underground water; and as
thermal insulators (applied as foans to fill wall cavities). The low
molecular weight condensation products are particularly used in treating
textiles to produce water repellent and wrinkle resistant fabrics, and in
-manufacturing wet-strength paper. Depending on the molar ratio of urea to

formaldehyde, different resins can also be used as antibacterial drugs in
fertilizers. Thus, people in the nodern world are in daily contact with
urea-formaldehyde resins.

B. PERSISTENCE

The completely polymerized urea-formaldehyde resins are chemically and
physiologically inert in ambient conditions and thus will persist in the
environment. They do not ignite but will burn in a flame giving off various
gaseous products depending on the combustion te=merature (see Chemical Degrada-
tion). The partially polymerized, low molecular weight condensation products,
however, can degrade gradually with time and release for Idehyde vapor. W-hen
used as fertilizer, they are broken down by soil microflora to simple nitro-
genous compounds (48--5, 60-63). (See section on Biological Degradation).

C. DISPERSION

No studies on the dispersion of urea-formaldehyde resins per se are
available in the literature. The completely cured urea-form-.aldehyde ressins
are presumably dispersed as solids in the finished products or as powder and
dust in manufacturing plants. The inco=pletely polymerized low molecular
w-eight products can be found in the leaching water soon after they are ap-
plied as fertilizer but before they are broken down by soil nicroflora (51,
54,55). In such •miner, they can be dispersed in streams and rivers.

a
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D. DEGRADATION

Under ordinary use-related conditions, the completely Polymerized urea-
formaldehyde resins are very stable. However, they decompose in boiling water
and in hot concentrated acids and alkalis, releasing formaldehyde and ammonia.
Co=pletely polymerized resins are not digested and me-tabolized by animals, but
the low molecular weight condensation products are degraded by soil micro-
organisms. In the follor-ing sections, the chemical and biological degradation
of these resins are discussed.

1. CHEMiCAL

Although urea-for-aldehyde resims are chemically inert under ordinary
use-related conditions, they are decomposed in hot concentrated alkalis with
the evolution of a=monia, and in hot concentrated acids giving off formaldehyde
and formic acid fumes (4). They also undergo thermal decomposition releasing
formaldehyde and other gaseous co.=puunos (carbon dioxide, carbon monoxide,
hydrogen cyanide etc.) at higher temperatures (9-12). When chipboard is (-
posed to 100% relative humidityj at 380 C it releases formaldehyde and loses
a substantial portion of its strength in 8 weeks (56).

The o.xidative degradation of urea-formaldehyde resins (iii butylated
"form) was studied by solid phase infrared spectrophoto=etry and gas phase vapor
chromatography in the te.perature region from 1350 to 300°C (57). From the
infrared spectra taken at 150%, 175', 200%* 250* and 300°C, it was obser-ed
that the degradation of the resin proceeded rapidly at 2000 C with the sinultan-
eous rapid decrease of the CH2 stretching vibration band (3.M-3.5 j) and the
C-O-C bending vibration (9.25 u). These changes were attributed to the loss
of the butoxy group- Kinetic studies on the decay of the CH2 band gave an
activation energy of 21.5 kcal which corresponds favorably with the values ob-
tained for the oxidation of phenolic resins. The decay of the vibration bands
of hydroxyl, amino and carbonyl groups proceeded at a slowrer rate. Above
2500 C all. bands disappeared rapidly as a result of the volatilization of the
entire polymer. From vapor phase chronatographic studies, roughly equimolar

quantities of carbon dioxide and butanol- were detected at degradation te-pera-
tures from 1500 to 200°C. Above 250*C, small amounts of burene, buL-t)ic acid,
paraformaldehyde and uater could be detected.

From these results, the oxidative degradation reactions of urea-formaldehyde
were postulated as follows:

OOH
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1The toxic effects of the gaseous products released by incineration of
urea-formaldehyde resins on rats and plants have been previously reported
(see Section IV. Effects on Fxperirental Animals and Section X. Effects on
Plants)- in order to determine which co=monents in the effluent were re-

4 sponsible for toxiacit-y in rats and plants, the same sample of urea-formaldehyde
resin (waod flour filler) was analyzed thermogravimetrically under inefficient
combustion conditions (9). A 3-step thermal degradation was observed:
below 260*C there was a gradual loss of weight (14%); from 2700 to 345°C
a steep loss of weight occurred (577.); and from 3450 to 6100 C there was again
a gradual loss of weight until the resin was completely combusted at 6100 C.
Qualitative analysis of the gaseous products by infrared spectrophotometry
showed the presence of carbon dioxide, carbon monoxide, methane and large
quantities of a=onia and hydrogen cyanide. Quantitative analysis of hydrogen
cyanide using Ori0nspecific ion electrodes, 100 ml/minute air flow and a
5*C/min heating rate showed 18.9 mg of cyanide per gram of sample.
Carbon monoxide and hydrogen cyanide found in the combustion efflulerit may pro-
duce the toxic effects observed in rats since the animals recovered rapidly
when removed from exposure; otherwise, death occurred.

The gaseous products from combustion of plastics, wool and vine wood
were studied because many fire deaths are caused not by actual burning but
by inhalation of toxic gases evolved during the fire (U). Materials con-
taining nitrogen produce hydrogen cyanide and carbon mnoxide under thermal
decomposition. The concentrations of hydrogen cyanide that are fatal to
humn•s are 270 p (imediately fatal), 181 ppm (10 min. exposure) and 135 ppm
(30 min. exposure) (58). The effects of carbon monoxide in hLans vary with
duration of exposure, partial pressure of oxygen in the air, ambient tempera-
ture, work effort, carbon monoxide content of the blood, metabolic efficiency,
health status, genotype and individual susceptibility (5S) - A concentration
of 4000 p-pm of carbon monoxide was reported fatal to hunans in exposures of
less than one hour (11).

The combustion products of urea-formaldehyde foam, wool and three other
synthetic polymers containing nitrogen were analyzed by gas chromatography
(11). Test samples (weighing 400-2400 mg) were introduced into a heated
flask (800C) where co=bustion took place. After this temperature was main-
tained for 2.5 minutes, the flask was cooled for 30 minutes and the gaseous
products were quantitatively analyzed by gas chro=atography. In order to find
out whether hydrogen cyanide is a potential hazard at fires, the above procedure
Thich favors the formation of toxic combustion products was adopted. From
urea-for=aldehyde foam the gaseous products were hydrogen cyanide (0.015-
(0.042 gIg of sample), carbon monoxide (0.032-0.077 gIg of sample) and carbon
dioxide (0.34-1.35 g/g of sa-ple). Nitrogen dio.xide was not detected with
any of the 5 samples.

To coapare the toxicity of a combustion product obtained fro= different
materials, a toxicity index was used (1). This index is the ratio of the
"experimentally determined concentration of a toxic product (expressed as the
%volzme of product when one gram of Paterial is decomposed and the combustion

products are diffused into a voltme of 1 =-3) to the concentration of the
s2me product that is fatal (or dangerous) to htmans in a 30-minute expo-
sure (method of determination of the fatal concentration not given). The
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toxiL.ty index of a material which produces two or more toxic combustion pro-
ducts is determined by assuming that the effects are additive. The =a.d--num
toxicity indexes of the combustion products of urea-formaldehyde foam, wool
and white pine were compared as follows:

Maximum Toxicity Index due to
HN CO CO2  Total

furea-formaldehyde foam 0.26 0.01 < 0.01 0.27

U-wool 0.33 0.04 0.01 0.38

white pine * 0.09 0.003 0.09

*not produced

in a recent study the gaseous combustion products of ten kinds of syn-
thetic polym-ers and one kind of wood (cedar) were quantitatively analyzed
by infrared spectrophotometry, gas chro=atography, and colorimetric tube
method (12). The combus:ion of urea-formaldehyde '0.- g, SO0*C, air flow
rate 100 lIhr) produced CD2 (1,193 mglg of sample) as the only delectable
gaseous product. At a slower air flow rate (50 I/hr), CO (80=g/g of sa-ple)
and HCM (22 ng/g of sample) were detected in addition to CO2 (980 mg/g Of
sa•ple). At 700°C, nitrous oxi:de (quantity not given) was detected in the
gaseous combustion products of urea-formaldehyde. Pyrolysis of the urea
resins in the atmosphere of nitrogen at 700*C gave off amonia which was de-
tected wTith poor reproducibility (about 20% coefficient of variation). The
total amount of nitrogen detected in the gaseous products uas rmch less than
the quantity of nitrogen present in the polymer. The authors suggested and
confirmed with two synthetic polymers that so=-e nitrogen in the polymers
was converted to nitrogen gas (N2 ) by the flaming coabustion.

The stability of urea-form.aldehyde resins against ultraviolet degradation
was studied by measuring changes in chemical structure with infrared spectra
(59). A sample of the resin (Cvmel 248-3, A=.erican Cyana=id Copanyq)
dissolved in n-butyl alcohol was applied as a film on the K-r plate used for
infrared spectrometry. After drying under an infrared heat lamp, the sa--m-ple
was placed about 4 inches from the ultraviolet source (Savelength above 2000
angstroms) and irradiated in air at room temperature for 300 hours. Infrared
absorption soectra were recorded before exposure to altraviolet light and at
various intervals during the irradiation period.

No changes in physical appearance properties of the film, such as crack-
ing, blistering or color change, were detected visually. The infrared spectral
cthanges included a slight decrease in intensity of all bands after UV irradi-
ation and the appearance of a new band at 4.66 u characteristic of isocyanide
and isocyanate group absorption. The intensity of this band reached its
-axim---um after 180 hours of irradiation and remained at that level. The origi-
nal 3-4 u C-H streching band decreased 20Z after the first 40 hours of ex-
posure to ultraviolet light and remained constant upon further irradiation.
It was concluded that this sae-le of urea-formaldehyde resin was =mderately stable
and the overall effect of ultraviolet irradiation upon i: vas snall (59).
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S'2. BIOLOGICAL

- The highly polymerized urea-formaldehyde resins do not appear to be bio-
degradable by various plants or animals. Feeding a co:=-ercial product, Uranite
(containing 36.92 nitrogen), to lambs and rats up to 32% of the total nitrogen
in the feed resulted in excretion of most of the Uramrite nitrogen in the feces
(39). The partially polymerized water insoluble condensation products, on
the other hand, have been used as slow releasing nitrogen fertilizers and were
found degradable by soil ricroflora as shown in the following reports.

Yee and Love first tried to use urea-formaldehyde condensation products
as water insoluble nitrogen fertilizer in 1947 (60). Several condensation

•- products with urea to formaldehyde molar ratios ranging from 0.88 to 2.0were prepared and their rates of nitrification( 20 mg N in 100 g of soil)

-ere determined. A•monium nitrate and dried blood were used as positive
controls- Results showed that the condensation products with U/F ratios
of 1.4-2.0 nitrified at rates approaching those of aronium nitrate and dried
blood. The most promising products for providing slowly available nitrogen
sources are those w-ith U/F ratios equal to 1.18 to 1.36 which nitrified at a
constant rate for about 3 months and then at slightly reduced rates.

The involvement of soil microflora in thc legradation of the urea-
formaldehyde condensation products was studied by measuring the evolution of
carbon dioxide, the nitrification in sterilized and unsterilized media, and
the effects on plant growth in sterilized and unsterilized soils (48).
Addition of the condensation products (U/F molar ratios - 1.2-1.4; 36-38Z
nitrogen) at rates up to 12 (20 mg nitrogen per 100 g of soil) did not in-
hibit soil microbial activity but appeared to promote it. The carbon dioxtide
evolved was 2-3 times that produced by the addition of a niu, nitrate.
Carbon in the condensation products seemed to be as available as that of soil
organic =atter to soil micro flora. Nitrification occurred only in unsteri-
lized soil as measured in the formation of nitrates during 18 'weeks. The
availability of nitrogenous compounds (resulting from microbial degradation
of condensation products) for plant growth (Sudan grass and tomatoes) 5as
indicated by the fact that the weights of tons and roots (6 weeks of growth)
from plants grown in unsterilized soil were 2-3 times greater than that of
plants grown in sterilized soil. Thus, the urea-formaldehyde condensation
products are degraded by soil microflora into si=mple nitrogen compounds
readily available for plant growth.

The effect of pH on the mineralization (deco.=osition into a soluble
state) of the condensation products (solar ratio 0.5; 26.2% nitrogen, 59.42
of the total nitrogen being water-soluble) in 20 soils having initial ph
values ranging from 3.9 to 7.8 was studied for 26 weeks (61). A sa=.le
representing higher polymerized forms of urea-formyaldehyde, consisting of
plastic waste milled in the laboratory, and containing 17.8% of nitrogen
of which only 4.3Z was water-soluble, was studied for comparison. There was
an inverse correlation between the pH values of the soils and the percent of
mineralization of the resins as shown in the following table:
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Initial H fLineralization of the resins
Soil Low condensation products Plastic wastes

pH 2 weeks 8 weeks 26 weeks 2 weeks 8 weeks 26 weeks

7.8 8 29 42 3 5 -10

7.0 16 45 65 3 7 21

6.0 49 81 90 14 51 76

5-0 34 70 84 12 44 59

3.9 69 78 52 45 62 69

The highest rates of nitrification for the low condensation products
occurred in soils having initial pH values between 5.5-6.0. The dissolution
of the products in acid soils appeared to be the result of che=ical de-
co=Dosition because 38Z of the nitrogen in the products was rendered soluble
after soaking 2 days in a solution of pH 4.0 (506 soluble in 7 days) without
the action of soil microflora.

The rate of n-ineralization of urea-formaldehyde fertilizer has been
found to follow first order reaction kinetics, and the rate increases at
higher te~peratures (62 ). Dissolution of these products has been
studied by leaching analysis (51,54,55 ). Other crops used to study the
availability of the degraded nitrogen products were corn (49 ), oats and
rillet (50), and turf grass (52,53 ). Since urea-for-aldehyde resins are de-
graded slowly over a long period of ti=e, they are most suitable for long-
growring crops requiring a constant supply of available nitrogen. A long
term study (7 years) on their effects on turf grass shoved that although the
availability of nitrogen for the first 2 years was not very effLcient, at
the end of the 7-year period urea-fornaldehyde fertilizer gave the best
results as deter.-ined by yield, color and soil nitrogen content (53).

The decoposition of four urea-formaldehyde condensation products of
low -molecular weights were studied in acid soil and soil neutralized with
lime (63). The four products, meethylene-urea, di=ethylene-triurea,
tri--ethylene-tetraurea, and tetramethylene-pentaurea, were prepared che"i-
cally under acid conditions in pure or partially purified form. Decomposition
of these corapounds in soil was studied by incubation in 700 g of moist soil
at concentrations equivalent to 300 ppn of N expressed on the basis of oven-
dry soil. Duplicate mixtures containing 0.5% calcium carboaate in soil
were used to study the effect of soil pH on the decomposition of these pro-
ducts. The mixtures were incubated for 26 weeks at 23.5 0 C. The degree of
mineralization of these corounds was analyzed by --easuring the quantities
of a=onia and nitrate formed after 1, 2, 3, 4, 8, 12, 16 and 26 weeks of
incubation( 63)-

Results showed the rates of mineralization of these co:ounds decrease
with increasing chain length. Methylene diurea decomposed very rapidly anc
co=pletely in acid soil (pH 5.4). The addition of line( soil pH 7.6) de-
layed the initiation of decGnposition but still 882 of it was mineralized
in 2 weeks. Dinethvlene-triurea was decomposed less rapidly initially and
reached conpletion by the end of 26 weeks in acid soil- In the presence of
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lire, mineralization started after the first week and reached 82% after 26
weeks. The decomposition of trimethylene-tetraurea proceeded slowly but
steadily in acid soil and approached its maidmum (81-85%) within 8 weeks.
The addition of line delayed the initiation of decomposition but the maxium
of 67-72% was also reached in 8 weeks. The largest polymer of this series,
tetranethylene-pentaurea, decomosed very slowly in the soil and attained
"only 15% mineralization in acid soil and 92 in lined soil. It was concluded
that trinethylene-tetraurea appeared to be the most promising compound as
a slow fertilizer.

E. BIOACCUM4UATION

The urea-formaldehyde resins are not absorbed by plants or aninals in
the polymerized form. When fed to animals the resins are excreted in the
feces (39)- When applied as fertilizer in the soil, the low -olecular
weight condensation products are slowly broken down by soil microorganisms
into simple nitrogenous cozpounds %hich can be utilized by plants (44-50).
Those that get into leaching water probably are degraded by soil and aquatic
microflora into sinple compounds which are taken up by aquatic plants and
animals and eventually enter into the food chain 50-55). NO reports on boo-
acct-urlation were found in the literature.
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XIII. INDUSTRIAL HYGIENE STNDARS AND PRACTICES

The safety hazards of urea-formaldehyde resins prinarily involve formlde-
hyde which is inadvertently released into the air.

The condensation of urea and formaldehyde is an exothermic reaction.
Heat generated during the reaction would increase the concentration of formal-
dehyde in the air causing irritation to the eyes, nose, throat and skin of
exposed workers, especially individuals hypersensitive to it. In addition
to the hazard during manufacturing of the resins, formaldehyde is also
evolved when the condensation products are processed in molding, laminating,
coating, etc., to make various end products. These products, if not coa-
pletely cured, could again release small quantities of formaldehyde over a
long period of time. Thus industrial safety practices center on keeping the
level of formaldehyde below the threshold limit values. In the following
sections the hygienic and safety practices for the manufacturing and applica-
tion of urea-formaldehyde resins and the prevention of hazards due to the
finished products wil be reviewed.

A. THRESHOLD LI?-xIT VALUES (TLV) AND STANDARDS

There are no TLV or OSHA standards set for urea-formaldehyde resins in
the workroom environment. The current OSHA standard for formaldehyde for
8-hour tine-weighted average is 3.6 =g/m3 . The maxi-m• ceiling limit is
12 mg/m 3 for 30 minutes duration on 8-hour shift. N-IOSH reco--ends 1.2 mglm3

ceiling for 30 minutes (64).

B. INDUSTRIAL HEALTH AND SAFETY PRACTICES

Most studies of industrial hazards in the manufacture of urea-formaldehyde
resins and the application of their low molecular weight products were re-
ported outside of the United States (65-71). Within the United States, a few

"T cases of occupational dernatoses were reported only during the early years
(later thirties and early forties) when the urea-formaldehyde resins were
first introduced comercially (18,19). After a completely enclosed system
for the manufacture of these resins was adopted in later years, no reports
of industrial hazards have been found. The safety practices thus involve
engineering control and hygiene aspects as recommended by the Bureau of In-
dustrial Hygiene, Nichigan Department of Health (20).

I. ENGINMEERIG CON-TRL ASPECTS

Operations for mixing, grinding and heating should be enclosed to prevent
Sfunes and dust polluting the air. Adequate ventilation should be installed

"to remove fumes and dust in the air and frequent cleaning of dust on floor
and machines by vacuim. Manual operations should be replaced by mechanical
equipnent to reduce direct contact with the material. The plant should be
designed to place heating and drying operations in one area segregated from
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the rest of the plant so that fumes will not contaminate the entire plant.
Air temperature should be kept low because heat tends to intensify skin ir-
ritation (20). Industrial waste water containing formaldehyde can be treated
with line, which reduces its concentration 100-fold in 3 days (72)-

2. HYGIENIC ASPECTS

Personal hygiene of workers should be emphasi-_-d. Adequate washing
facilities for frequent cleaning of exposed skin Ad for showering at the
end of the work shift, should be provided. Mild, nonirritating soap and
clean towels should be available. Workers should wear protective clothing
such as gloves, sleeves and coveralls, which should be laundered frequently.

Protective creams for face and other exposed parts of the body should be
provided. The workers should be informed about the toxic nature of the mater-
ial and instructed about the proper operative techniques. Adequate education
on personal hygiene and safety measures should be gilen. Frequent medical
check-ups should be made to detect any health problems at the early stage (20).

C. SA•FEY MFASURES FOR STORAGE OF PRODUCTS

When urea-formaldehyde condensation products are used to make chipboard, to
treat textiles or for thermal insulation, residual formaldehyde may be re-
leased slowly if the resin is not completely cured to form high molecular
weight polymers. Thus chipboards and treated fabrics should be stored in
a well-ventilated warehouse for 3 months before being shipped for the market
(73,74). When urea-formaldehyde foam is used to fill wall cavities for heat
insulation, the building should not be occupied for 3 months to ensure com-
plete removal of all residual formaldehyde (68,75). Should the warehouse
catch fire, it should be kept in mind that highly toxic gaseous products such
as hydrogen cyanide, carbon monoxide and ammonia would be produced (9,11,12).

.3
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XIV. SA1PLING AND ANALYSIS

"In this section special methods for sampling and recent methods for the
analysis of urea-formaldehyde resins and for the detection of free formalde-
hyde will be discussed.

A. SAMLLNG

* SFor detection of free formaldehyde in clothing, the eatire garment is

placed in an air-tight container in which a small beaker containing a few drops
of chromotropic solution (I g in 250 ml sulfuric acid) is placed. The quantity
of formaldehyde is estimated by -measuring the time needed for the initial purple
color to appear (76).

The formaldehyde releasLed in the air from chibboards is estimated by the
S -intake of 50 liters of room air through a washing bottle and analyzing the

extract by the general procedure (74), or by the air being pulled through a
solution containing t!:e chromotrepic reagent (77).

B. ANLYSIS Or UR•A-FORMALDERYME RESINS

Comp.etely poly-merized resins, as well as their low molecular weight
condensation products can be analzyed by paper chromatography, thin-layer
chromatography, gas chromatography, gel-permeation chromrtography, infrared
spectrophotoretry, polarography and protcn magnetic rescance methods. These
will be discussed as follows:

I. PAPER CHRO•ATOGRAPHY

The aminoplasts in glues, hardened glue joints, varnishes and ippregnated
paper can be detected and separated by paper chromatography (18). The ground
sapple (1-2 g) is hydrolyzed in hydrochloric acid (25A, density 1.25) and a
few drops of hydrogen peroxide for 15 minutes. After -potting on Schleicher
and Schill 2041b paper, it is developed with butanol:acetic acid:water (4:1:5)
and dried at 35*C. The paper is sprayed with 0.5% dimethylaminobenzaldehyde

in isobutyl alcohol and treated with hydrochloric acid vapor. Bright lemon
yellow spots for urea (Rf 0.41-0.43) appear after 2-6 minutes; for melamine,
the spots are corn yellow (Rf 0.22-0.24) and appear after 7-12 minutes.

• 2. THLN-LA EER CC 0OUMTOCRAPHY

Urea-formaldehyde condensation products of low molecular weight (less
than 200) can be qualitatively detected by thin-layer chromatography (79).
The plates (Merck Kieselgel F25 4 , fast running) are pre-treated with arnonia
vapor innediately before sample application to prevent further condensation
during chromatography. The condensation mixture is applied as a 20% solution

- •.in methanol-waLer (1:1) and developed with: (1) ethyl acetate:methanol:a=-onium
hydroxide, Sp. gr. 0.880, (80:6:6) for separation and cetection of ethers and
methylol co=pounds of urea; (2) ethyl acetate:methanol:aM=onium hydroxide,
Sp- gr. 0.880, (80:15:5) for separating mixtures of -ethylenediurea, methylol
methylene diurea and di-ethylenetriurea.
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The developed plates are dried at room temperature for 15 minctes, and
exposed to chlorine gas for a few seconds. After allowing the excess chlorine
to disperse, the plates are sprayed with 5% o-toluidine in glacial acetic acid.

4 Full color develops in 8 hours (plates kept in dark) and is stable for several
weeks. Urea and methylenediurea appear as blue spots; formaldehyde, dimethylol
urea, etc., as yellow spots; and monomethylol urea, etc., as green spots.
The Rf values are given in a graph.

Quantitative estimation of these low molecular weight condensation products
is accomplished by converting these compounds to their methyl ethers with
"methanolic boron trifluoride. These ethers are stable and easily separable
from each other and from high molecular weight condensates on thin-layer
chromatography (80). The procedure consists of adding 0.5% boron trifluoride
(in methanol) drojrise with vigorous stirring to 1 g (or less) of sample to
a final volume of 5 ml. The thin-layer plate (Merck Kiesegel F2 54 ) is pre-
treated with the vapor of the developing solution (ethyl acetate:methanol:
ammonium hydroxide, Sp. gr. 0.880, 44:3:3) before application of the sample.
After development, the plate is treated with chlorine gas and sprayed with
5% o-toluidine solution as described previously. Urea appears as blue spots

* after 30 minutes, monomethylolurea monomethyl ether as green spots, and di-
methylolurea dimethyl ether .s yellow spots. (Rf values are not given, but
the position of spots is shoun in a chromatogram.)

3. INF-MARED SPECTROPHOTOHETRY

Tne amount of urea-formaldehyde resin (0.3-3.0-) in wet-strength paper
can be measured by differential infrared spectrophotometry (81). The paper
samples are made translucent with an immersion oil whose refractive index
is close to that of the paper, and the samples are analyzed directly by placing
them between sodium chloride plates. Any material coinonly found in the paper
that might interfere with spectral analysis is removed by exhaustive Soxhlet
extraction with carbon tetrachloride and methylethylketone. A standard paper
is chosen for the reference beam. Corrercial resin samples were analyzed by
casting the resin on sodium chloride plates and obtaining the spectra before
and after curing the sample at 105*C for 1 hour. The aliphatic C-H stretching
band at 3.4 u is used as an internal standard.

4. POLUROGR-PHIC METHOD

Colloids, high molecular weight substances and dyes wil- decrease the
polarographic maxima of oxygen. This suppression is used as a criterion for
the evaluation of sanitary safety of plastics, such as uolyv-nyl alcohols,
polyamides, polyv-,inyl butyrals and urea-formaldehyde resins (82). The samples
(2.5 g or 100 cm2) were extracted with 100 ml of water for 10 days. Plastics
that show less than 50% suppressiant or the oxygen =axima of the poiarcgraphic
curve are regarded as sanitarily acceptable.
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. COHBfl-ATION METHOD

Recently a combination method for the analysis of low molecular weight
condensation products of urea-fornaldehyde by the application of gas chro-natogra-
phy, =ss spectrometry, gel-pe ?ation chromatography and proton magneuic-
resonance w.s reported (83). These condensation products ar- converted into
volatile deriva-lves for gas chro=atographic analysis by sil ation -.wi'th
N,O-bistriiethy1 silyl-trifluoro-acetamride (BSTFA) in dine-thyl fornanide. The
gas chronatogran was analyzed by nass svectronetry to obtain the exact aunts
of urea, monomethylolurea and dimethylolurea in the resin. Gel permeation
chromatography is used to separate low molecular weight mixtures (by using
Sephadex U120, 50-60 v, in waterl and high molecular weight products (by using
Styragel, 3 x lO A and 3 x I0 A, in dimethyl fornamide). Proton magnetic
resonan=e spectra are used to analyze the presence of functionzl groups in
urea-fornaldehyde resins (83,84)

C. A_'ALYSIS OF FREE FORMAILDEHYDE

-Although formaldehyde is not the maia topic for this study, -methods of
analysis for it will be discussed briefly because it is the major cause of
health hazards of urea-formal-dehyde resirs. The most co=rmonly used reagent
for free foraldehyie is chro-otropic acid. Other reagents are Schiff's re-
agent, 'Purpald," and acetylacetone plus ammonium salts.

1. CHROM0TROPIC ACID METOD

Formaldehyde reacts with chronotroplc acid (1,8-dihydroxynaphthalene-3,6-
disulfonic acid) in the presence of sulfuric acid to give an intense purple
color which can be quantitatively estimated at 570-580 nm. This reagent is
specific for fornaldehyde and will not react with other aldebydes which give
positive reactions with the classical Schiff's reagent. For high ccncentrations
of formaldehyde, the purple color appears within minutes; but z-re than 10
hours for low concentrations of for-saldehyde. The development of color can
be speeded tp by heating the soluticn at !00*C for 30 minutes. Variations
of this method have been employed to detect free formaldehyde in fabric sa_-ples,
in clothing, in chipboard, in plastic utensils and in the air (74,76,77).

The general procedure consists of reacting 5 =l of a water extract
of the sample with 1 ml of 5% chromotropic acid and 5 ml of concentrated sul-
furic acid. After heating at 100'C for 30 minutes the color developed is
=easured at 570 n- spectrophotometrically (15,85,86).

2. OTHER REAG•-ITS

The classical aldehyde reagent, Schiff's reagent, can be used to detect
for•maldehyde, but the results are not specific because other aldehydes also
react with this reagent.

•- Trace amounts of formaldehyde react with a reagent containing acetyl-
acetone and an excess of ar.oniun salt to give a yellow product (diact• ld.-
h-drolutidine) which can be measured at 412 mn. The product is abo strongly

*• •fluorescent under soft ultraA-iolet light. The conditions for this reaction
*: i are mild enough to permit its use with living materials (87).
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"Purpald" (4-amino-3-hydrazino-5-mercapto-l,2,4-triazole) is a new re-
agent thz-t reacts with formaldehyde to give a purple color (A •ax = 550 n--)
in I N sodium hydroxide solut-ion (88). This rtaction is so sensitive that
the linit of detection is 5 ng of formaldehyde per ml (0.005 ppm) which is
Sbelow the unit of odor detectability (0.88 -ppm) and nmaix permissible in-

- dustrial level (6 mg/=-3 of air). Therefore, this reagent has been used to
check air quality of factories and to assess the efficiency of curing in chip-

- board. For the latter, spot tests on chipboard with one drop of 1Z pupald
- in I N sodium hydrozide give a purple color when the resin is not conpletely

cured and forn--aldehyde is present (88)-
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7.0

TECI~a'IAL SMUL1ARY

"Urea-formaldehyde resins are a mixture of condensation products of urea
and fornaldehyde. The co-position and structure of these products depend
on the a) molar ratio of the to cononents, b) conditions of the reaction
(pH, temperature, catalyst, etc.) and c) degree of polymerization and cross-
linkage. These resins are thermosetting plastics used extensively in adhesives,
molding, lanination, coating, insulation and textile and paper treatment-
The subjects covered in this report include physical and chemical properties,
toxicity in hur=ans and ani-als, effects on plants, microorganisms and soil
organism, pharracokinetics, fate in the environment, industrial hygiene and
safety practices, sa=pling and analvsis.

A. PHYSICAL AkD CHELESAL ?ROPE

The prceries of urea-fornaldehyde resins depend greatly upon the degree
* of polymerization of the producus Lra molecular weight products exist either

as a viscous liquid (neutral or alkaline pH) or a white powdery solid (acid
pH). -hey are converted by heat (heat-cured) or acid (acid-cured) into
high polymeric forms hich are water-insoluble, anorphous solids (1-3).

The si =le condensation products ("mnonoers and diners') are xiscous
liquids which are soluble in water and alcohol and decompose easily with
the release of formaIldehyde. Intermediate products are a=rrphous powders
which are soluble in pyridine, aqueous forcmldehyde, formic acid and dilute
mineral acids- They are gradually deco=zrosed in acid medi-_ under ambient
conditions slowly giving off formaldehyde (1-4).

The cured, high, molecu'ar weight final products are colorless, trans-
parent, odorless and tasteless solids. They are insoluble in cold water and
cold dilute acids and alkalis but decorpose in boiling water and hot strong
acids and alkalis. They are unaffected by co==n organic solvents, oil and
grease (1-3). Various fillers, such as cellulose and woed flour, are added
to the resins to inprove their strength and quality. Alcohol derivatives are

, introduced to increase their solubility in non-aqueous solvents (1-3).
-Although these resins do not catch fire on free flane, they do decompose upon
pyrolysis giving off gaseous products such as carbon monoxide, hydrogen cyanide,
carbon dioxide and =onia (9-12).

Since there is no single for=ula for ure_-forraldehvde resins, itshould be kept in mind that the products used for investigations discussed

in this report vary in their co.:osition and the quantities of free formal-
dehyde present in the resins. the presence of free fornaldehyde Influences
greatly the effects of the resins on hu=ans, anicals, plants, aicroorganiss
Sand the enviromnemt.

B. hUl• A•O XICI-

in view of the literature available :o date, the corpletely cured urea-

formaldehyde resins do not appear to be toxic. Toyic effects could arise fro=
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the highly polyseric forms of resins during pyrolysis where toxic gaseous pro-

ducts, such as hydrogen cyanide, carbon monoxide, and a~onia, are generated
.- -12).

Most of the reported adverse reactions pertaining to urea-formaldehyde

-i.ns are mainly due to formaldehyde which is produced by:

a- incompletely reacted starting material,

b. slow decomposition of low molecular weight condensation

products,

c. decomosition of the resin by heat which is generated

during industrial processing such as molding, laminating,

"hig)h speed sawing, etc.,

d. slow release from resin treated fabric, paper and chipboard.

Formaldehyde is well knimwn to be highly irritating to eyes, skin and

MUcous mebrane. Since a detailed report on the toxicity of formaldehyde

appeared in a NIOSH criteria document (13), only a brief discussion on

the various effects of formaldehyde produced f-on the incompletely cured

resins are reported here.

1. Eve E-posure

"Fabrics that are imroperly treated with urea-for-_aldehyde resins and

insufficiently washed before marketing would release formaldehyde slowly

into the air. Stores selling such fabrics were found filled with formaldehyde

f t=fes uhich caused excessive lacri-mation in shopkeepers and customers (14,15)

2. Inhal ation

Formaldenyde was detected in the blood of workers who had been ep-.-posed
to urea-formaldehyde resins. The blood for-aldehyde levels were highest soon
after work and disappeared 18 hours later (16). Female workers exposed to
varios concentrations of formaldehyde suffer =enstrual disorders and com-
plications during pregnancy; children born were underw-eight (17).

3- Skin Contact

Formaldehyde released from urea-formaldehyde resins may cause derm-atoses
to persons exposed to it. People may come into skin contact with formaldehyde

occupationally or through using products which have been improperly treated

with urea-formaldehyde resins. !lst of these cases were reported outside of

the United States.

a. OccuDational Dermatoses

Nborkers engaged in manufacturing, molding, laminating, applying adhesives,

etc. are exposed to formaldehyde released during the process. Dernatcses
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usually develop on the hands and forearms of these workers (16-29).

b. Contact Der-atoses due to Use of Treated Products

People wearing clothing made of fabrics that was improperly treated with
urea-formaldehyde resins may develop der-atoses around the neck and waist
and under arm area (15,30-36).

C. EFFECT ON AkN VIWLS

C--plerely cured urea-formaldehyde resins are not considered to be

toXIc, and there are only a feI reports which describe effec.s of these
resin on Is-

The acute oral toxicity of urea-formldehyde resins --as determined in
6 groups of guinea pigs (5 Der group) by oral administration (inserted down
the esophagus) of single doses of 480-2320 mLglkg body weight. 2o animals died
during the test or through the observation period of 8 days-. No pathological
zhanges were observed (37).

The subchronic oral toxicitty of the resin was determined in rats (strain,
sex, age and nunber not given) by giving daily doses of 1 glkg body weight in
the f ;ra of a 202 polysorbate solution administered with a pharyngeal tube for
9 veeks. No histological abnozralities were found in the liver, kidney or
intest-rzaI tra-t of the rats (37)-

LA s f,-d dilr-s containing 2, 4, 8, 16 or 32Z of the resin replacing
equivalent quantities of urea (control diet cuntains 100% urea) for 10 days
showed no toxic effects. Much of the nitrogen in the resin was excreted

in the feees (33;-

When t••wo urea-formaldehyde resins containing different quantities Af
free formaldelnyde (one contained 29Z, the other i.2X) ware applied on the skin
of 10 albino g-uinea pigs.7 out of 10 and 8 out of 10 anirmals, respectively,

developed erythena and other skin irritations. It was concluded that the

sensitizing effect v-s not due to free for=aldehyde (23)-

D. C-ARCI!%GENICI1Y, * ?CMAGE-NICITL A20) -1iRLG-NICIT!L

INo reports on carcinogenicity, outagenicity and teratogenicity of urea-
for--aldehvde resins were found in the literature.

E. F--F-CT-S ON DO.-ESTIC .MMLS AND WILDLIFE

No reports on the effects of urea-forcaldehyde resins on wildlife were
found in the literature. In the only report available on donestic animals,
lan!bs were fed diets containing 2-32Z of the resins for 10 days without
effects (39) (see Effects on -Aninals).
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F. EFFECTS ON AQUATIC ORGA,-NitSS

No studies on the effects of urea-foraldehyde resins on aquatic organisms
were found in the literature.

G. EFFECTS ON MICROORGANISMS

The co=Dletely cured urea-formaldehyde resins in highly polymerized
forms have no apparent effects on microorganisms (40).

The low molecular weight condensation products with urea to formaldehyde
ratio greater than unity (U/F > 1) have been used as fertilizers because soil
microorganisms can attack and degrade these products to provide soluble nitrogen
for growing plants (see Biological Degradation in Section XII).

W-hen the urea to formaldehyde ratio is less than unity (U/F < I), the low
molecular weight condensation products such as -Anaflex ezf-hibited an anti-
bacterial action which has been applied clinically to treat certain skin in-
fections. A total of 37 species (580 strains) of Dacteria and fungi were
tested. All, except 6 strains, were found sensit:_ve to the resin; viruses of
herpes simplex, vaccinia and poliomyelitis were not affected (37,41,42).
Clinical tests on more than 200 patients representing 238 cases of various
skin infections showed that 8O0 of those with furunculosis were cured within
4 days (41-43).

It has been assumed that the antibacterial action of Anaflex was due to
free for-aldehyde in the product. However, chemical analysis with aldehyde
reagent and skin tests with a single --abbit and a human volunteer, which were both
"hypersensitive to formaldehyde showed that the sample of Anaflex did not con-
tain free formaldehyde. Thus the resin itself may exert an antibacterial action
(41,42). This is contrary to the results found by other investigators.

H-H. E LCTS ON SOIL ORGANISMS

W•hen an urea-formaldehyde foam used as soil conditioner was added to the soil
at 100 ml per 200 ml soil extract, the population of parasitic nenatodes decreased
linearly -with time and stayed at the low level for 5 weeks. The population of
saprozoic nematodes decreased during the first 2 weeks of treatment, reached
tie lowest level after 3 weeks, and started to increase again thereafter (46).

The sane soil conditioner preparation (0,33,50,67, and'OOZ Hygromull)
was mixed with pine litter in azalea cultures. After 6 months, the population
of lumbricids, enchytracids, and 4 species of mites was reduced in mixtures
containing higher percentages of the resin (47).

I. EFFECTS ON PLAN-TS

The co=pletely polymerized urea-formaldehyde resins have not been reported
f to be toxic to plants. Since they are chemically inert at ambient conditions,
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they are not likely to be broken down by soil microorganisms to supply nitrogen
for plants under neutral conditions, but may be slowly degraded in acid pHs.

-' The low and intermediate molecular weight condensation products have been used as
"fertilizers which release nitrogen slowly at a steady rate over a long period
of time. 7hese are not suitable as quick fertilizers that supply readily
available nitrogen (see Biological Degradation in Section XII)).

N 'o adverse effects on plants have been reported when these products were
used as fertilizers for tomatoes and Sudan grass (48), corn (49), oats and

-.llets (50), pine seedlings (51), azalea (47) and turf grass (52,53)-

The gaseous products obtained from pyrolysis of urea-foraldehyde resins
are highly toxic. One-week-old seedlings of sa=•er squash, alfalfa, mustard,
blue grass and northern green beans were killed in 10 minutes when exposed

Sto the combustion effluent; .uo-week-old plants were stunted and bleached but
not killed (10, see Chemical Degradation in Section XII).

J. PHARIACOKINMEMCS

No detailed reports on the absorption, distribution, metabolism and e*k-

cretion of urea-formaldehyde resins were found in the literature- The nitrogen

in urea-formaldehyde resin did not seem to be metabolized and was excreted

in the feces by l=-bs which were fed a diet containing the resin as a supple-

=ental nitrogen source (39).

K_ OCCURRENCE, DISPERSION kN-D FATLE IN THE ENVROENhT

1. Occurrence

Urea-fozmaldehyde resins are synthetic products; they do not occur in
nature. Cured resins are widely used in molding, laminating, surface coating,
insulation, as adhesives and in treatment of textiles and paper. In addition,
the low molecular weight condensation products can also be used as an anti-
bacterial agent or a fertilizer depending on the molar ratio of urea and
formaldehyde (see Section VIII and XII).

2. ?ersistence

The co=pletely polymerized urea-formaldehyde resins are chemically and
physiologically inert under a=bient conditions and thus will persevere ii the

environment. Upon pyrolysis, they break dom into various gaseous compotmds
depending on the conbustion temperature (see Che=mical Degradation in Section
MI). T1-he low molecular weight condensaticn products der.._-a-e gradually giving
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off formaldehyde and other simple nitrogenous compounds by soil microflora
(see Biological Degradation in Section XII).

* 3. Transport and Dispersion

No studies on the dispersion of urea-formaldehyde resins were found in
the literature. The completely polynerized resins presumably are trans-
ported and dispersed as solids. Some of the low molecular weight condensa-
tion products are soluble and can be found in leaching water when they are
used as fertilizers (51,54,55).

4. Degradation

a. Chemical

Although the completely polymerized resins are chemically inert under
ordinary use-related conditions, they are decomposed in hot concentrated aLkali,
releasing azmonia, and in hot concentrated acids, giving off formaldehyde
and formic acid fu=es (4).

* Under oxdidative thzermal decomposition, the butylated resin produced
carbon dioxide and butanol at temperature range 150-200*C. Above 250*C,
small amounts of butene, butyric acid, paraformaldehyde and water were de-
tected (57).

A sample of urea-form=aldehyde resin with wood flour filler was analyzed
2 .: thermogravinetrically under inefficient combustion conditions and revealed a

3-step degradation: a gradual loss of weight below 260*C, a steep loss of
weight from 270* to 345*C, and again a gradual less of weight until the resin
was co=.letely combusted at 6100 C (9)- Qualitative analysis showed the
presence of carbon dioxide, carbon monoxide, methane and large quantities of
amonia and hydrogen cyanide (9).

A co=parison of the combustion products of urea-formaldehyde resins,
wool and white pine showed that combustion of wool produced more hydrogen
cyanide and carbon monoxide than the resin. No hydrogen cyanide was produced
fro= co=bustion of white pine (11)-

The rate of air flow and temperature influence the combustion products
of the resin. At 8000 C and 100 lihr air flow rate, ouly carbon dioxide was
detected. At a slower air flow rate (50 1/hr), carbon monoxide and hydrogen
cyanide also appeared. At 7000 C, nitrous oxide was detected. Pvrol-sis
of the resin in an atmosphere of nitrogen at 700*C released armonia (12).

The stability of urea-formaldehyde resins against ultraviolet irradiation
was studied by applying a film of the resin on the i•r plate of the infrared
spectrophotometer. After ultraviolet irradiation for 300 hours, no changes
"in physical appearance of the film were observed. Infrared spectro=etry
studies showed only a slight decrease in intensity of all the bands and the
appearance of a new bard characteristic of isocyanide and isocyanate group
absorption (59).
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b. Biological

The highly poly&erized urea-formaldehyde resins uO not appear to be

metabolized and degraded by plants and animals. Under slightly acidic condi-

tions (pH 5-6), the completely cured resins may be partly degraded by soil

nmicroflora over a long period of time (26 weeks) (61).

The low molecular weight condensation products are degraded by soil micro-
flora to provide soluble nitrogen sources for plant grow-th. The most pronising
products for use as fertilizers were found to have U/F molar ratios equal to
1.2-1.4 (4Z.60 ). Involvement of microflora for the degradation of the resin
was confirmed by measuring the evol-ution of carbvon dioxide, the extent of ni-
trification and effects on plant growth in sterilized and unster-ilized soil
(48).

The effect of pH on the mineralization of the condensation vroducts was
studied for 26 weeks in 20 soils having initial pH -alues ranging from 3.9 to
7.8 ( 61)- The highest rates of nitrification occurred in soils with pH
values of 5.5-6.0. Soil microflora did not seem to play a role in acid degrada-
Stion.

The rate of mineralization of urea-formaldehyde fertilizer was found to
increase with higher teperatures following first order reaction kinetics (62).

A long term study (7 years) w"ith turf grass showed that urea-form-aldehyde
fertilizer gave the best results at the end of the study as determined by yield,
color, and soil nitrogen content (53).

The decc-osition in soil of 4 simple condensation products of urea and
formaldehyde with kncrn chemical structures showed that the rate of Minerali-
zation decreased with increasing chain length (63). Methylene diurea deco-posed
very rapidly and co=-letely in acid soil (pH 5.4).- Dithylene-triurea de-
graded less rapidly and reached completion by the end of 26 weeks in acid soil.
The decompcsition of trinethylene-tetraurea proce--ded slowly and steadily in
acid soil and appeared to be most promising as a slow fertilizer. Tetramethylene-
pentaurea decomposed very slowly and reaebad only I5Z mineralization at the end
of 26 weeks. The addition of lime to the soils re uced the rate of mineraliza-
tion of all the compouads tested.

5- Bioaccu--nulation

No reports on bioaccumalation of urea-forldehyde resins in the environ-
ment were found in the literature.

L. INUT1LHYGIENE TANA AND PR.ACT1ICES

Since the hithly pol-merized urea-formldehyde resins and urea itself
are nor- cofzsidered to be toxic, the industrial hazards involve =ainly the
fo-maldehyde which is inadvertently released into the air.
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"1. Threshold Limit Values (TLV) and Standards

There are no TLV or OSHA standards set for urea-formaldehyde resins in
the workroom environment. The current OSHA standard for formaldehyde for
8-hour tine-weighted average is 3.6 mg/M 3 . The maxinum ceiling linit is
12 mg/_ 3 for 30 minutes during an 8-hour s-hift. NIOSH recommends 1.2 mg/m3

ceiling for 30 minutes (64).

"2. Industrial Health and Safety Practices

2Yost of the industrial hazards in the manufacture and application of
these resins were reported outside of the United States (67-71). A few cases
of occupational dermatoses were reported in the United States only during
the early years of commercial application of these resins (18,19). After a
coý!letely enclosed system for their manufacture was adopted, no reports of
industrial hazards have been found. 71he safety practices involve engineering
and medical aspects as recommended by the Bureau of Industrial Hygiene,
Michigan Department of Health (20).

a. Engineering Control Aspect

The reco=mended safety practices are: enclosed operation, adequate venti-
lation, cool room temperature, mechanical operation, and segregated operations
in the plant. Waste water containing formaldehyde can be treated with lime to
reduce its concentration 100-fold in 3 days (72).

b. Hygiene -Aspects

Personal hygiene of workers is i-portant. Frequent washing of exposed
skin, protective clothing and crea-s, and adequate education of workers and
medical check-ups are reco==ended (20)-

3. Safe-y Mieasures for Storage of Resins

The slow release of for-aldehyde fro= inco-pletely cured resin should
be considered during storage. Fire hazards that might generate toxic gases
such as hydrogen cyanide, carbon =no.xide and amnia from the resin should be
prevented.

H. AMALYSIS

The methods used for the analysis of urea-formaldehyde resins include
paper chromatography, thin-layer chromatography, and infrared spectrophoto-
metry ( 78,80,83,84 ). Free for=alde-hyde can be analyzed by chemical methods
wnich include reaction with chroMcropic acid, Schiff's reagent, or Pt-rald
(15,85--88).
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MMIROMMEN•AL IMPACT

From the available literature it is clear that urea-formaldehyde resins

differ greatly in their composition, degree of polymerization, and content
of free formaldehyde, The toxicity of the resins on humans and animals and
the effects on plants, microorganisms and soil organisms also vary according
to the quantity of free formaldehyde present in the sample. In general, the
effects of these resins on the envircnent can best be discussed according
to their degree of polymerization.

The highly polymerized resins are very stable under ordinary conditions.
Since they are not degraded by soil microflora to any appreciable extent, it
is likely that they probably will persist in the environment even though bio-
accumulation studies have not been conducted. This ty5e of resin is only
broken down by incineration when various gaseous products, such as hydrogen
cyanide, carbon monoxide, carbon dioxide, amonia, etc-, are released depend-
ing on combustion conditions.

The low molecular weight condensation products are very unstable and do not
tend to accunulate in the environment. They are easily deconposed especially
under hot hunid weather to release free fornaldehyde. Their effects on Micro-
organisms depend on the proportion of urea and for-maldehyde in tre product.
When the quantity of urea is less than that of for=-ldehyde, the product has
antibacterial activity due to the slow release of formaldehyde, and has been
applied clinically to treat certain skin infections- When excess urea is
present in the product, no harmful effects on microorganisms have been observed.
On the contrary, the product has been used as fertilizer which is degraded
by soil microfiora to produce soluble nitrogen co=pounds for growing plants.
Thus, the highly polymerized resins are not degraded and tend to accunulate

Sin the environment, whereas the low molecular weight condensation products
are degraded to release formaldehyde and other nitrogenous compounds. If
the product is not confined in a limited space, the released formaldehyde
could be dissipated in open air and washed down and diluted by rainwater- The
nitrog P us breakdown compounds, if not completely taken up by plants, will be
carried by leaching water to streams where they Pay be absrrbed by aquatic or-
ganisms and plants and eventually enter into the food chain; however, reports
as to the effects of these resins on aquatic organisms, birds, and wildlife are
not available in the literature.
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RECOMl1ENDATIONS FOR FURTHER STUDIES

Urea-formaldehyde resins can be regarded as two types of polymers: the
highly polymerized products that are stable and not considered to be toxic,
and the low molecular weight condensation products that decompose easily to
release formaldehyde. The properties and effects of each are quite different.
Resins produced from different sources contain various quantities of free
formaldehyde, e.g., MF-17, 29% formaldehyde, UKS, 1.2%. This variation should
be considered when evaluating studies performed by different investigators.
Thus, carefully controlled toxicological studies with chemically analyzed
resin samples should be conducted.

The fellowing gaps in toxicological and environmental data are listed in
Table IV for both types of resins. The-important points are:

1. To ascertain the degree of polymerization and the amount of free
formaldehyde in the resin to be tested, because the content of
formaldehyde affects the toxicity of the resins.

2. To initiate Phase I toxicological studies (see Table IV). Although
inhalation and dermal studies have been undertaken by Russian in-
vestigators, detailed experizental conditions and controls were not
reported clearly in their studies, which makes them of limited utility.
These investigations were not considered in preparing Table IV.

3. To consider initiation of Phase II and Phase III studies. Studies
* assaying reproductive and teratogenic effects, carcinogenicity or other

chronic diseases are unavailable.
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TABLE IV

GAPS IN TOXICOLOGICA4JL AND ENVIRONNMENrAL DATA
ON UREA_-FOIPRALDEHYDE RESINS

Phase I:
Acute oral LD5 0  X
Acute inhalation LC5 0  X
Eye irritation X
Skin sensitization X

aMetabolisa x
Mutagenesis X

Phase II:
Subacute inhalation studies X

Phase III:
Chronic inhalation studies X
Fertility, reproduction X
Teratology X
Metabolismb X

Environmental Studies:
Effects on aquatic organisms X
Effects on plantsc

Effects on domestic animals X
Effects on wildlife X
Biodegradation

aletabolism will incluc. absorption, distribution, excretion, and pharmaco-

kinetics, using radio-labeled material.

bThis will include the identification and possible isolation of any metabolities.

CTests should be run if the specific plant receiving the resin has not been

so tested.

X marks indicate that an adequate study has not been undertaken.
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